I. INTRODUCTION
Coherence is an important building block in physics, common to optics and quantum mechanics. In classical optics, it simply implies a phase condition related to interference. Its lack is related to the nature of the source of light ͑nonmonochromaticity͒ and/or the geometrical shape of the objects placed on the source-detector pathway ͓1,2͔. In this sense, incoherence can be regarded as a "nondynamical" effect. On the other hand, the same concept acquires a more general meaning in quantum mechanics, where it has to be reconciled with the statistical interpretation of the wave function. When two or more states are coherently superposed their properties qualitatively differ from those exhibited by the isolated components, this being a distinctive feature of the quantum behavior ͓3͔.
Due to its remarkable relevance in the modern quantum theory of information and quantum computation ͓4͔, a topic of much recent interest is the understanding of how quantum systems lose their coherence, decoherence being the most widely accepted mechanism ͓5͔. By decoherence we understand the irreversible emergence of classical properties in a quantum system through its "dynamical" interaction with an environment or bath ͓6,7͔. This idea is better understood by splitting the Hamiltonian describing the full system in three terms:
where Ĥ A and Ĥ B are the Hamiltonians governing the evolution of system and environment, respectively, and V AB accounts for the coupling between them. This last term leads to a fast cancellation of the off-diagonal elements of the system's reduced density matrix, which is studied by averaging ͑i.e., tracing͒ the full-system density matrix over the environment degrees of freedom.
In general, the visibility of an experimental diffraction pattern can be considered the result of combining incoherence and decoherence. In this paper we analyze the influence of these two mechanisms using a theoretical model applied to the double-slit experiment with cold neutrons carried out by Zeilinger et al. ͓8͔ . By means of a detailed optical study of the neutron beam ͓1͔, we conclude that incoherence and decoherence are both needed in order to explain the loss of coherence found in the experiment, this being the main result of our work. Decoherence is introduced here using a simple phenomenological theoretical model that assumes an exponential damping of the interferences ͓9͔, and that has only one empirical parameter ͑the coherence degree͒. It should be stressed out that this model is based solely on first principles ͑except for the estimation of the coherence parameter͒. Other authors have treated the effects of incoherence in similar diffraction experiments with He atoms ͓10͔ and He clusters ͓11͔ from an optical point of view, and also the effects of decoherence in fullerene diffraction ͓12͔.
The organization of the paper is as follows. To make the paper self-contained, we briefly review in Sec. II the experiment carried out by Zeilinger et al. ͓8͔ . Section III is devoted to the optical description of this experiment, and in Sec. IV we present our quantum calculations, whose results are compared with the experimental data. Finally, the main conclusions derived from this work are summarized in Sec. V.
II. THE EXPERIMENT
The double slit used by Zeilinger et al. ͓8͔ consisted of a highly absorbing boron wire mounted into the opening gap of a single slit. The dimensions of this arrangement ͑hereafter labeled O͒ are a 1 ͉d͉a 2 = 21.9͉104.1͉22.5 m ͑left slit͉boron wire͉right slit͒. The wavelength of the neutron beam, dB = 18.45 Å ͑with a bandwidth ⌬ = ± 1.40 Å͒, was selected by means of an entrance single slit ͑C͒ of width w =20 m, located at a distance z = 5 m before O. After crossing the double slit and a pathway v = 5 m, neutrons are made to pass through a scanning single slit ͑D͒ of width w 0 =20 m before reaching the detector ͑located behind D͒.
The reported results are reproduced in Fig. 1 . From them, a value for the fringe visibility of V expt = 0.583 is obtained. This magnitude is defined ͓1,2͔ as
I max and I min being the intensities corresponding to the central maximum and the first minimum next to it, respectively. This experimental lack of visibility cannot be attributed to simple causes, such as nonconvergence of the intensity pattern at D or the size difference between slits. In the first case, D is far enough from O, and the intensity pattern is well defined ͑it displays almost vanishing minima͒. In the second case, the difference between a 1 and a 2 is too small ͑Ӎ3%͒, and the incoherence effects due to this asymmetry are irrelevant. In the following sections the physical factors leading to this high value for the loss of coherence in the experiment are examined.
III. THE OPTICAL TREATMENT
Studies on neutron interferometry can be accurately carried out by means of classical optics ͓13͔ provided that energy is low and spin effects are negligible. Since classical optics only accounts for incoherence effects, this approach is of great help in our case in order to discern whether or not decoherence effects are relevant. This analysis will also provide the physical conditions that the quantum model for the possible decoherence must satisfy. Therefore, we first analyze here the optics of the neutron beam to establish the relevance of incoherence effects in the diffraction pattern.
The coherence of light can be understood as the effect of stationary stochastic processes ͓14͔, i.e., random fluctuations in the amplitude and phase of the interfering waves of light in time. Although the source of that stochasticity is irrelevant for the optical analysis, it turns out to be crucial in the quantum theory of decoherence ͓5͔. The correlation between two processes taking place at different points and times is given by the ͑mutual͒ coherence function ͓15-17͔, ⌫͑x 1 , x 2 ; ͒, which is only a function of the time difference due to stationarity. From it, the power spectrum ͓16,17͔ or crossspectral density function ͓18͔ S͑x 1 ,x 2 ;͒ = ͵ ⌫͑x 1 ,x 2 ;͒e i d ͑3͒ can be defined. This is the optical analog of the quantum density matrix. Like it, S͑x 1 , x 2 ; ͒ = S * ͑x 2 , x 1 ; ͒ for the offdiagonal elements, while the diagonal ones S͑x , x ; ͒ are real and give the intensity distribution of light at a frequency . Therefore, the power spectrum is the essential element in this optical treatment.
Since Eq. ͑3͒ refers to the neutron beam, can be substituted by , without loss of generality. As in Ref. ͓8͔, in the theoretical description of the experiment we will take into account the pass of the neutron beam through C, O, and D. If C is identified with a neutron source that can be assumed as incoherent ͓8͔, i.e., the intensity at each point along the aperture does not depend on any other point, then
Here, q͑x , ͒ ജ 0 is the average intensity at x. When no absorption takes place at the borders of C ͑i.e., each point of the aperture produces the same intensity͒ and is independent of the position along this aperture, q͑x ; ͒ is given by
with s͑͒ describing the spectral profile of the neutron beam. It should be emphasized that to keep the explicit dependence on is important, since the source is not totally monochromatic. As will be seen below, the spectral profile plays a key role on the shape of the measured intensity at D within this optical treatment. From C to O the neutron beam propagates freely according to the following point-spread function ͓16͔:
where x and refer to the spatial coordinates at O and C ͓19͔, respectively, and k =2 / . In this way, the power spectrum just before O becomes
with ⌬x = x 1 − x 2 and sinc ␤ = sin ␤ / ␤. As can be seen, the finite size of the source gives rise to a coherence in the neutron beam, which manifests as a typical single-slit diffraction pattern at O. The first minima of this correlation pattern ͓20͔ take place at ⌬x = ±z dB / w Ӎ ± 461 m. Therefore, the spatial width illuminated by its central maximum will be relatively larger than the extension covered by the double-slit arrangement. This means that the two diffracted beams will display a slight divergence, a fact that must be included as a source of incoherence in the quantum model ͑see Sec. IV͒. The double slit acts as a modulator of the incoming wave with a modulation function m͑x͒. Thus, the power spectrum at O can be written as
͑9͒
After crossing the double slit the two diffracted beams described by S O propagate freely until reaching D. There, the power spectrum S D ͑x 1 , x 2 ; ͒ is computed by replacing, in Eq. ͑7͒, h CO ͑x , ͒ and S C ͑ 1 , 2 ; ͒ by h OD ͑x , ͒ and S O ͑ 1 , 2 ; ͒, respectively. The diagonal elements of S D give the intensity distribution, I͑x ; ͒, right before the neutron beam crosses D. For example, in the case of two identical very narrow slits ͑such that the modulation function can be expressed as the sum of two ␦ functions͒ separated from each other a distance d = d + ͑a 1 + a 2 ͒ / 2, one obtains S D ͑x 1 ,x 2 ;͒ = ͓cos͑k⌬d/2v͒s͑͒
The separation between two consecutive maxima that results from Eq. ͑11͒ is v dB / d Ӎ 73 m, which is in good agreement with the experimental value of Fig. 1 . However, the value of the fringe visibility, V = 0.881, is still far from the experimental value. Moreover, the amplitude of the oscillations is constant, in strong disagreement with the experimental pattern.
If the finite size of D is taken into account, the measured intensity for a position x of the detector results
which decreases the fringe visibility, but leaves the profile of the interference pattern unaffected. The nonmonochromaticity of the neutron beam leads to a subsequent integration over the spectral bandwidth. Taking into account the optical relation k = / c, this integral can be carried out easily by assuming =2c / , and substituting the corresponding quantities by dB and ⌬ = 2.80 Å. Thus, in the particular case of a uniform spectral profile over the bandwidth ⌬, one obtains
where the approximation of constant sinc functions ͑with = dB ͒ has been used, since these functions vary slowly within the integration interval ͑about 4% with respect to their value at = dB ͒. The results obtained with this expression are much better than those for Eq. ͑11͒ but still far from the experimental data. In particular a value of V = 0.772 is ob-tained, and the averaging process introduces a certain modulation with respect to the constant-amplitude intensity of Eq. ͑11͒. However, the decay in the intensity pattern as the absolute value of the detector position increases is not satisfactory. This is a general feature ͓i.e., independent of the spectral profile determined by s͔͑͒ coming from the assumption of point slits at O. The modulation of the intensity pattern is a border effect caused by the finite size of the slits, while the oscillations are the result of the interference of two spatially separated wave fronts. This can be easily shown by considering that the slits are coherently illuminated ͑i.e., the modulation function is described by the sum of two hat functions͒, and their size is relatively small ͓21͔. In this way, one can assume that Eq. ͑11͒ still holds, and introduces the sinc function caused by a finite-size slit into it, thus obtaining I͑x,͒ ϰ ͓sinc 2 ͑kā − /2v͒ + sinc 2 ͑kā + /2v͒
Here, for the sake of simplicity, both slits are considered with the same width ā = ͑a 1 + a 2 ͒ / 2, and ± = x ± vd /2b. Using the same arguments, an equivalent expression for Eq. ͑13͒ can be calculated,
ϫ sinc͑kdw 0 /2v͒sinc͓͑⌬/ dB ͒͑kdx/2v͔͒cos͑kdx/v͒.
͑15͒
The corresponding results are shown as the solid line in Fig.  1 . As can be seen, the intensity pattern fits much better the experimental results, presenting only a small discrepancy for the central minima. However, the fringe visibility V = 0.760 still does not fully account for the value obtained experimentally, although it is improved with respect to the previous cases. Therefore, the most important conclusion derived from this phenomenological analysis of the experiment is that, although different causes contribute to the incoherence of the neutron beam, they are not sufficient to explain the experimental results. The remaining contribution should then be attributed to dynamical causes, i.e., decoherence, which will be analyzed in the next section. One final consideration is worth mentioning. The finite size of the slits is an important factor to take into account in the formulation of the quantum model. Indeed, a general phenomenological form for the measured intensity accounting for the loss of coherence can be postulated from Eq. ͑15͒ as I͑x͒ = I 1 ͑x͒ + I 2 ͑x͒ + 2AI 12 ͑x͒cos͑kdx/v͒, ͑16͒
where I i ͑x͒ is the intensity function produced by the slit i ͑with i =1,2͒, I 12 ͑x͒ the intensity function modulating the interference, A the coherence degree or damping coefficient, and the cos function is the term purely due to the interference between the two slits. Notice that the coherence degree and fringe visibility are not the same unless both partial waves contribute equally to the intensity, as happens in Eq. ͑11͒, where I 1 ͑x͒ = I 2 ͑x͒ = I 12 ͑x͒ =1/2.
IV. THE QUANTUM TREATMENT
Optical models are attractive because of their simplicity ͑and accuracy when used in association with fitting proce-dures͒. However, they do not deal with the loss of coherence due to dynamical processes, such as those taking place in the regions where the neutron beam evolves freely. The effect produced by such processes is what we call decoherence. In general, decoherence is understood as a complex effect concerning the phase of a many-body wave function ͓22͔. For example, according to the model proposed by Caldeira and Leggett ͓23͔, decoherence arises from the interaction of the system with a bath of harmonic oscillators linearly coupled to the system. The collisions between particles belonging to the system and to the environment constitute another mechanism proposed to explain the loss of coherence ͓6,7͔ in physical processes. Although these scattering events may be individually quite inefficient, when taking place in large numbers they may lead to an exponential damping of the off-diagonal elements of the system reduced density matrix, since
where = ⌫͑1−͗ 0 ͉S m † S n ͉ 0 ͒͘, ⌫ is the collision rate, and the scattering process between states ͉n͘ and ͉m͘ is described by the corresponding S-matrix element.
According to the physical considerations made in the previous section, in our quantum-mechanical description of the process we only consider the evolution of the neutron beam from O to D, assuming that both outgoing partial waves at O are coherent ͑i.e., finite-size slits͒. Moreover, as mentioned above, these partial waves differ in width ͑because of the different slit sizes͒, and then move apart, separating along the two opposite directions ͑notice, however, that the component of this motion is relatively small͒. These initial conditions are responsible for the incoherence. Taking this into account, the evolution of the neutron beam after passing through O ͑and without being affected by an external envi-ronment͒ can be described at any subsequent time ͓24͔ as
where ͉ i ͘ t is the partial wave emerging from slit i, and ͉c 1 ͉ 2 + ͉c 2 ͉ 2 = 1 at any time. In the coordinate representation, the density matrix associated with this wave function is
with ⌿ t ͑0͒ ͑r͒ = ͗r ͉ ⌿ ͑0͒ ͘ t . The diagonal terms of Eq. ͑19͒ give the probability density or measured intensity t ͑0͒ = t ͑0͒ ͑r,r͒
where ␦ t is the time-dependent phase difference between the two partial waves. When the action of an environment is considered, the wave function ͑18͒ no longer describes the evolution of the full system. Since our main interest focuses on the question of how the environment affects the coherence of the system by gradually suppressing the ͑nonclassical͒ oscillatory term in Eq. ͑20͒, we will assume conditions of elastic scattering ͓25͔. Accordingly, only the states describing the environment change during the scattering process, while the system states remain unchanged. In particular, in our case both partial waves will propagate as free Gaussian wave packets since they are Gaussians initially ͑see below͒. In this way, the initial coherent state
becomes an entangled state with the form
at any subsequent time. Here, ͉ 1 ͘ and ͉ 2 ͘ are coherent wave packets ͑or superpositions of them͒,
where x ͑z͒ is the parallel ͑perpendicular͒ coordinate ͑with respect to the plane of the double slit͒, x 0 ͑z 0 ͒ is the center of the wave packet along the x ͑z͒ axis, p x ͑p z ͒ is the parallel ͑perpendicular͒ component of the momentum, and x ͑ z ͒ is the width of the wave packet along x ͑z͒. In the case of quasiplane waves, the corresponding wave function can be constructed as a coherent superposition of Gaussian wave packets distributed over the width covered by each slit. On the other hand, notice from Eq. ͑22͒ that, due to the initial coherence, ͉E 1 ͘ = ͉E 2 ͘ = ͉E 0 ͘. In our case, this initial state for the environment is chosen as ͉E 0 ͘ = ͉I͘.
In order to calculate the diffraction intensity, the reduced density matrix for the system is obtained by tracing the fullsystem density matrix over the environment states,
In the coordinate representation this operation is equivalent to carrying out the integral of the total density matrix over all the 3N degrees of freedom, ͕r i ͖ i=1 N , of the environment, t ͑r,rЈ͒ = ͵ ͗r,r 1 , ... r n ͉⌿͘ t t ͗⌿͉rЈ,r 1 , ... r n ͘dr 1¯d r n .
͑25͒
By substituting Eq. ͑22͒ into Eq. ͑24͒, one obtains then the reduced density matrix t ͑r,rЈ͒ = ͑1 + ͉␣ t ͉ 2 ͓͉͒c 1 ͉ 2 1t ͑r͒ 1t * ͑rЈ͒ + ͉c 2 ͉ 2 2t ͑r͒ 2t * ͑rЈ͔͒
͑26͒ we obtain the measured intensity
For the sake of simplicity, we have assumed that the phase difference between the environment states ͑included in ␦ t Ј͒ is constant. Equation ͑27͒ is the quantum analog of the optical ͑phenomenological͒ equation ͑16͒. Thus, ⌳ t is defined as the quantum coherence degree, which plays here the same role as A in Eq. ͑16͒. Now, we make the ͑reasonable͒ assumption that the environment states are too complex to keep mutual coherence as time increases ͓26͔. In this way, even if they are initially coherent, they become orthogonal as time passes. Thus, one can assume ͉␣ t ͉Ӎe −t/ c , c being the coherence time, a measure of how fast the system becomes classical ͑smaller c implies faster loss of coherence͒. By substituting the value of ͉␣ t ͉ in Eq. ͑28͒ one obtains
which establishes a relationship between the coherence degree and coherence time. Although the value of the coherence time can be derived analytically for interfering waves by means of simple Markovian models ͓9͔, Eq. ͑29͒ allows us to determine it from the coherence degree. In our case, we have used ⌳ t = 0.63 ͑or, equivalently, a coherence time of c Ӎ 5.08ϫ 10 −2 s͒, for which an excellent agreement between the experimental data and the theoretical results is found ͑see below͒. This value corresponds to a fringe visibility V = 0.607 ͑notice that ⌳ t Ӎ V, as said at the end of Sec. III͒, very close to the experimental value ͑ϳ4% above this value͒. Taking all these ingredients into account, we present next the results for two basic models. In the first one, after passing through the corresponding slits, ͉⌿ 1 ͉ 2 and ͉⌿ 2 ͉ 2 are considered to be quasiplane waves; while in the second one, their profiles are modeled with Gaussian functions. We also assume that the slits are on the XY plane, the direction of propagation of the beam is along Z, and ᐉ y ӷ ᐉ x ͑ᐉ x and ᐉ y being the dimensions of the slits͒. In this way, the model can be considered as two dimensional, with the motion taking place in the XZ plane. In order to minimize the effects of the spreading of the wave function along z with time, given by the general expression
it is enough, in our case, to choose 0 z =2ā, which ensures t Ӎ 0 during the time of propagation.
A. Case I: Quasiplane waves
In this first case, the probability density at the left slit has been simulated by covering its width with 30 Gaussian packets, while for the right ͑wider͒ one 31 packets have been used. For both slits z 0 = 0 for all Gaussians, and the distance between neighbor packets has been taken equal to a constant,
The width parameter along the X direction is x ͑i͒ = a i / N i , with N i = 30 or 31 depending on the slit considered, while for the Z direction z =2ā, as explained above. The time evolution of the wave function has been numerically obtained using Heller's method ͓27͔, which is exact in our case.
In Fig. 2͑a͒ we show the results corresponding to a case where only incoherence effects are included ͓Eq. ͑20͔͒. As mentioned above, after passing through the slits each partial wave has a certain motion component along the perpendicular direction. The ͑initial͒ momentum component along each direction can be estimated using the uncertainty principle, according to which p x ϳ ⌬p x ϳ ប / ⌬x. Since ⌬x ϳ a, the momentum along the parallel direction will be p x ͑i͒ Ӎ ± ប / a i , FIG. 2. Intensity obtained from the interference of two quasiplane waves in the case of ͑a͒ only incoherence effects, and ͑b͒ incoherence plus decoherence effects. For comparison, the experimental data ͑solid circles͒ are also shown.
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with the plus ͑minus͒ sign corresponding to the right ͑left͒ slit. Hence, the momentum along the Z direction is p z ͑i͒ = ͓͑2ប / dB ͒ 2 − ͑p x ͑i͒ ͒ 2 ͔ 1/2 . As can be seen in the figure, the results indicate that the effects due to incoherence are very small, with the minima of the oscillations almost touching the horizontal axis; they display, however, a certain degree of asymmetry with respect to x = 0. The problem turns out to be quite similar to the evolution of the same initial wave with both slits of the same width and no perpendicular motion. Finally, notice the oscillations that appear for x տ 400 Å. They arise from the diffractive effects caused by the borders of the slits, and are not observed in the equivalent solid curve of Fig. 1 because of the double-averaging process ͑with respect to the finite size of D and the bandwidth͒ carried out there. As will be seen in next section, these oscillations disappear when a model based on Gaussians is used.
To conclude this section, we show in Fig. 2͑b͒ the intensity resulting when both incoherence and decoherence ͑with ⌳ t = 0.63͒ effects are included ͓Eq. ͑27͔͒. As can be seen, these results have been greatly improved with respect to only considering incoherence, showing an important decrease in the fringe visibility. However, the agreement with the experimental data is still poor. It should be stressed that the results have been obtained by means of a reasonable theory based on first principles, with no averaging as in Sec. III.
B. Case II: Gaussian waves
In this section we show that the results presented in the previous section can be highly improved by simply considering that the slits are Gaussian ͓28͔, i.e., the wave function in Eq. ͑18͒ is a linear superposition of two Gaussian wave packets. These Gaussian wave packets are centered at x 0 ͑1͒ = ͑a 1 − d͒ / 2 and x 0 ͑2͒ = ͑a 2 + d͒ /2 ͑with z 0 ͑i͒ =0͒, respectively, and their corresponding width parameters are taken as x ͑i͒ = a i / 4 and z =2a. The value of x ͑i͒ implies that the intensity at the border of the corresponding slit is ͉ i ͑± x ͑i͒ /2͉͒ 2 / ͉ i ͑x i ͉͒ 2 = e −2 when ͑x − x i ͒ = x ͑i͒ / 2, i.e., approximately 13.5% of the total intensity. Thus, only a very small part of the wave will be out of the boundaries defined by the borders of the slits. This assumption is in agreement with the experimental observations, since Zeilinger et al. reported, with regard to the error on the slit widths, that "neutrons penetrating through the boron wire along a chord 0.2 m away from the surface are attenuated by more than a factor 1 / e," such that these "neutrons would be refracted far out of the diffraction pattern" ͓8͔.
In sharp contrast to the case described in the previous subsection, when incoherence is considered in this model ͑given, as above, by p x ͑i͒ Ӎ ± ប / a i and p z ͑i͒ = ͓͑2ប / dB ͒ 2 − ͑p x ͑i͒ ͒ 2 ͔ 1/2 , for slits with different sizes͒, the resulting intensity, shown in Fig. 3͑a͒ , looks quite different compared with the results of Fig. 2͑a͒ . In this case, it can be observed how the Gaussian envelope due to single-slit diffraction ͑which modulates the amplitude of the intensity maxima͒ allows the interference pattern to fit the shape of the experimental data fairly well. Nonetheless, the central minima do not completely agree with the experimental ones yet. This theoretical pattern looks very much like that given by Eq. ͑15͒ ͑see results in Fig. 1͒ . Notice that the diffractive effects have disappeared, and then the "tail" of the curve decreases exponentially, as expected. Qualitatively, we can state that this model reproduces the experimental pattern as well as the optical theory, but with the advantage that here we do not need to assume any average. Finally, when we consider Eq. ͑27͒ with ⌳ t = 0.63, which includes both incoherence and decoherence effects in this Gaussian-slit approach, the agreement between theoretical and experimental results is excellent, as can be seen in Fig.  3͑b͒ . Therefore, this experiment cannot be interpreted in terms of only optical models, but needs to include decoherence as a mechanism leading to the loss of coherence. This is not an a priori expected result since the neutron mass is very small.
V. CONCLUSIONS
Optical models are currently used in slit diffraction experiments with particles like electrons, neutrons, atoms, or fullerenes in order to explain the behavior of the empirical data. These models are usually based on reasonable physical assumptions about the nature of the particle source, and/or the influence of the different objects placed in the pathway of the particle beam in the experimental setup. Here, we have shown how the two-slit experiment with cold neutrons per-FIG. 3. Intensity obtained from the interference of two Gaussian slits for ͑a͒ only incoherence effects, and ͑b͒ incoherence plus decoherence effects. For comparison, the experimental data ͑solid circle͒ are also shown.
formed by Zeilinger et al. ͓8͔ can be explained to a certain extent by means of a simple analytical model based on such considerations. This analysis has allowed us to characterize the relevance of the different sources of incoherence present in the experiment.
However, these procedures mask the presence of another relevant phenomenon that is likely to exist, and may have important influence on the experiment: decoherence. This mechanism, also leading to the suppression of coherence in the system, cannot be described by optical models. Decoherence is produced by the dynamical interaction between system and environment ͑e.g., by means of scattering events͒, which is not included in such models.
In this paper we have shown that decoherence is likely to exist in Zeilinger et al.'s experiment, and that it can be explained fairly well with a simple model assuming an exponential damping of the interference term ͓9͔, and using the experimental value of the coherence degree ͑⌳ t = 0.63͒. By means of this model we have been able to establish the in-fluence of each element of the experimental arrangement on the neutron beam. Among these influences, the most important one is the effect that the double slit causes on the neutron beam: it splits the initial quasiplane wave front coming from C into two coherent Gaussian beams.
